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Abstract

A c implem of a sampling technigue pernmits straig tforward re
senzsz imensional variant ortical systems. The set of sample trans?
funco icr the repor tation is seqguentially recorded on a single holocrz
plate a diffuser to oroduce phasa-cod Zerence beams. The phase codin
coera TS suppress crosstalk between the stored holegrams when they are o
bacx Becauses this approach does not devend cn volume fects in the r
ing tial way, * nol ca either ke produced digitally or orti
Bas results er vastigations are presented and discus
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ah+ systems can ke r in sichout undasirable crossts
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media may be used.
usi g computer-generated holograms ‘o simul
-varian t operations not possible with volume holog
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Phase enccded reference beams have been used previously for color
pur~o e of multiplexing a number of point source objects for i
irenents in holograpk ca“v represanting space-variant system re more st;;n

tnesa avplications in that simultaneous phase-ccherent recon uction of a n
ings is desired with no significarnt ochctlonaole crosstalk betnee" the varL04=
eference) beams. As we will show below, the random phase diffuser technique can
se reguirements.
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sraing and Playback Operations With Phase-Coded Raference Beams
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spac ariant system recording proeecu;e ba?ﬂd ?n the sampling theorem, but without
ce beam phase encoding, is shown in Fig. The system S fcr the moment is
ampled by impulse functions (point sources) i, to i, giving rise to the point
ns n
tran

. at the output plane of S. The lens L, then produces fields progor

fer flinctions H, to H,, at the hologram plane, where H. is the Fourier tran
-ow for each inpdt poifit source i, there is a cdrre:-oﬁulnc reference point
" ic BF ransformed by the lens L] to form the reference plane wave R, at the
piane The recording te hnlqua then consists of se,u_nt;allj recording the
rence p terns of tne system function/reference plane wave pairs (H,, R.). If we
12 medium sc that the resulting holograms's amdlltade transmittance ?unuglon, t, is
ioral to the exposing intensit ty pattern, then
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The pla rig. 2., The inpuic cbject is spatial’y sanpled at the point
scurce 1o« refe;ence array ©o produce sampled 1‘pu:? slrl.to S, Ty
whers s. the j-th locaction. The desired output plané field iIs given
3
by the si
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< o .
o= 1 s.F tHy
f=1 J
B
N
= ) s: h. (2)
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,re;ons**actxons is reguired. Also
) and t?at low pass filtering i
us output, '+’
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Fig. 1: Recocing scheme for ths holograghi
recresentation of the s,ace—varlan
systery S,
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Since crossbalk terms have been neclected in writing Eg. (2), we have assumed that each
input point sample "sees" only the desired transfer function upon playback. We will now
aralyze what happens in the special case of a simple two sample point system to show what
the crosstalk problems are and to examine how utilization of the diffuser encoding technique
in the reference beams can suppress crosstalk.

After seuuent:=l recording of the two object-~reference pairs (H:, R:) and (HZ' R7), the
amplitude transmiztance function stored in the hologram is given b¥ - =

t = 13 22 ! 52
= {H, + R,i° + |H, + R | (3)
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tpe playback step, if the sampled inp
ows:lur;ec wavefrcnt just to the rig
it which have been diffracted by the
define these four terms as W', so that

values are given by the constants s, and s,,

5
ht of the hologram in Fig. 2 consists 6f 15 t&rms,
lcgram to appear in the output plane. We will
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Fig. 3: System configuration for including
phase diffusers in the reference
beam to be used for both recording
and playback.

t no extinction angle was assumed operative in cbtaining the re it

ha i
"Pro ach ae are thus not res;r‘c_ed to working with thick racordin

the theory presented above, an idealized, space-variant two-roint magnifier was
hcwn ir Fig. 4. Two fly's-eve lenses (3.8 mm diamater each) having a vertical

of 15.4 mm were u:wﬁ to form the reference poirt sources. The output ci an idea-
fier (with M = 1/2) was simulated by u=1nc two fly's-eye lenses separated by

orm the cbject points. The transforming lenses L, and L, had 10 cm focal lengrchs.
oI three experiments which were pe:formed are de3cribed telow

the first expsriment no diffuser was placed in the refa

H,) combirations were recorded scguantially on a Kodak
: by moving Ll l0cm. to the right of the hologram,




n £ fuser was inserted in the referencs
EERAS gz t sources so that each of the two
beams wo g —ie; a uld no:z intersect the diffuser ars
interceo 2 G =] t plane result for this experimant i
shown in Z= (& £ s stand out clearly ainst a diffus
backgrocu S5z < at induced by the particular shower cla
diffuser pelo} autoco tion function, so that repcsitioning
- the deve SoE cal an aticn (i.e. it took 2 movement of se-
rillimet ke saprcaa Nota that the diffuser also had a sna
1y varyi s-talk ot spread as uniformly as possible cw
the outpy its ap:z to be encouraging.
ent 3: A third ex cert monstrate
i cf the diffuser enco tac ue nt demagn
same badic configuration a Fig. 4, & £ the fou
array portion of the fly's-eys array wer esult, wher
in the reference beans, is s o Pig. seen that
rcoints which would be expected without the coding of
been relegated to & diffuse bacikground nois e threa d
ouat clearly. Again it should te noteé that has a rat
relative to the angular separaticn of the = ams used
vere not resgons:isle for eliminating either ntal or ve
without the diffuser.
Conclusions
boen cdemonstrated for holocrarhically reccrding representaticns of two-
-variant systexs using phas=2-snccied referance bnams. The use of refsrance
g for the purpcse of multizlexing noninterfering holograms onto a single
edium, rather than attempiing to use the-extinction angle property of a
dium to angle multizlex the multiple holograms, possesses a number of po-
- One would not Le.rastricted to volume holograms for recording space-
vystems. Thus one could in g:inc:ple construct computer-generated holcgr ms
rbitrary two-dimensional space-variant processors.

e-coded diffusers are important in determining
cess. A number of diffuser studies have besn
um-levelers for recoréing Fourier transfornms
tion. Several algorithms have resulted which
give rise tc phase masks with flat cper'*r deita~like autocorrelations. In the space-
variant processor, we would alse like dif s with these properties. In addition, we are
dezling with aperiodic functicns instead of periodic; we require a familwv of diffusers for
any given mask size; and we need all cross-correlations between members of a diffuser family
to be uniformly small so all holograms can be accessed simultaneously with minimal cross-
tzlk. Using results from coding theory, two-<imensional bi-phase codes are being develczad
have the desirsd properties. Additional investigations are underway in these and
octher areas relating to the technique presented in this parver.
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Fiz. 6: Reconstructed output (Exp. 2) Pig. 7.
phase coding of reference keams oZ
shower glass diffuser. Thsz cross- nifier, indicating diffuse back-
talk terms present in Fig. 4 have ground ncise in both directions.
been spread out into diffusze kack- » - :
ground noise.
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